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SUPPORTED CATALYST OF DIGESTION
RESIDUES OF TITANYL
SULPHATE-CONTAINING BLACK
SOLUTION

This U.S. patent application is a national stage application
of PCT/EP2011/064727 filed on 26 Aug. 2011 and claims
priority of European patent document 10188521.8 filed on 22
Oct. 2010, the entireties of which are incorporated herein by
reference

TECHNICAL FIELD

The invention concerns a composition comprising TiO,-
bearing digestion residue from titanium dioxide production
and at least one further component which is catalytically
active and dimensionally stable, catalytically active solid
bodies which can be obtained from that composition and used
as a catalyst for example for reducing nitrogen oxides.

BACKGROUND OF INVENTION

Supported catalysts are of great economic significance and
in quantitative terms represent the largest group of heteroge-
neous catalysts. They are used for example for processing
fossil raw materials, in the further processing of intermediate
products and in the synthesis of chemical products. In addi-
tion supported catalysts have gained significantly in eco-
nomic significance in the field of exhaust gas cleaning for
emission control.

In that respect titanium dioxide and titanium-bearing cata-
lysts are a significant proportion. Commercially available
catalyst carriers on a titanium dioxide basis are produced
primarily by precipitation reactions of titanium-bearing salts,
hydrolysis of titanium-bearing compounds or by flame
pyrolysis of titanium-bearing precursors.

Supported catalysts play an important part in particular in
the catalytic decomposition of nitrogen oxides. The occur-
rence of nitrogen oxides (NO,) in combustion processes is
problematical from environmental points of view and various
methods of reducing nitrogen oxides in exhaust gases are
known. Selective catalytic reduction (SCR) has acquired par-
ticular significance, wherein the nitrogen oxides are reduced
by added nitrogen-bearing compounds, preferably ammonia
orurea, in the presence of a catalyst. Selective catalytic reduc-
tion of nitrogen oxides by means of ammonia (NH;—SCR)
can be summarised as follows:

catalyst

4NO + 4NH; + O, 4N, + 6H,0.

Sectors of use are in the static field for example power
stations, coal-fired power stations, gas-fired power stations,
refuse incineration installations, installations for nitric acid
production or processing, steel works, and in the mobile field
motor vehicles such as private cars and trucks as well as ships.

Commercial catalysts for SCR are in particular precious
metals, metal oxides and zeolites. An overview is afforded by
Pio Forzatti, Present status and perspectives in de-NOx SCR
catalysis, in: Applied Catalysis A: General 222 (2001) 221-
236. An important catalyst system is supported WO,— and
V,0,—WO,-catalysts on a TiO, support, wherein the TiO, is
usually predominately present in the anatase form (see for
example U.S. Pat. No. 5,723,404 or WO 2006/044768).

SUMMARY OF THE INVENTION

With that background in mind the object of the present
invention is to provide a catalyst support or catalyst which can
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be economically produced and which exhibits good activity,
in particular in respect of nitrogen oxide reduction.

According to the invention that object is attained by the
provision of a composition which contains (I) the titanium-
bearing digestion residue from titanium dioxide production
using the sulphate process and (II) at least one further com-
ponent which is catalytically active and by the provision of a
catalyst or catalyst raw material containing the composition.

Alternatively the object is attained by the provision of a
dimensionally stable catalytically active solid body which
can be obtained by mixing the above-defined composition
with binding agents, plasticisers and optionally further addi-
tives, shaping of the resulting composition, preferably by
extrusion, and then calcination, or by the provision of a
dimensionally stable catalytically active solid body which
can be obtained by applying the above-defined composition,
optionally together with binding agents, plasticisers and fur-
ther additives, to a support, and then calcination.

The invention also concerns the use of the digestion residue
or the composition according to the invention and also of the
dimensionally stable solid body according to the invention as
a catalyst or for the production of a catalyst.

The invention further concerns a process for the production
of the composition according to the invention, wherein the
process includes the following steps:

(a) digestion of a titanium-bearing starting material with
sulphuric acid to obtain a solid-bearing digestion solution;

(b) separation of the solids contained in the digestion solu-
tion to obtain a digestion residue and a substantially solid-free
digestion solution,

(c) optionally neutralisation and/or partial washing-out of
the impurities, in particular the neutral salts,

(d) mixing the digestion residue with at least one further
component which is catalytically active, and

(e) optionally calcining the resulting mixture.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an X-ray diffractogram of the washed and
dried digestion residue. In that respect it is possible to detect
inter alia the following compounds:

rutile, magnesium titanium oxide, ilmenite and anatase.

FIG. 2 shows the catalytic activity (NO-conversion) of a
digestion residue according to the invention (TC), a compo-
sition according to the invention comprising digestion residue
and 1.5% by weight of V,0, (TC—V) and a composition
according to the invention comprising digestion residue with
1.5% by weight of V,0, and 10% by weight of WO, (TC—
V—W) in the temperature range of 150° C. to 750° C.

FIG. 3 shows the catalytic activity (NO-conversion) of a
composition according to the invention comprising digestion
residue and 1.5% by weight of V,O, (TC—V) in comparison
with conventional supported V,0O; catalysts on an anatase-
TiO, support (Ti—V 3, starting from an anatase with a BET
surface area of 90 m*/g; Ti—V 4 starting from an anatase with
a BET surface area of 350 m*/g) in the temperature range of
150° C. to 750° C.

FIG. 4 shows the catalytic activity (NO conversion) of a
composition according to the invention comprising digestion
residue with 1.5% by weight of V,0O5 and 10% by weight of
WO; (TC—V—W) in comparison with conventional sup-
ported V,0,—WO,-catalysts on an anatase-TiO, support
(Ti—V—W 1 based on a laboratory material and Ti—V—W
2 based on commercially available material containing
crenox A-DW-1) in the temperature range of 150° C. to 750°
C.
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FIG. 5 shows the catalytic activities (NO-conversions) of
compositions according to the invention comprising difter-
ently processed digestion residues, as described in Examples
2A to 2F, with 1.5% by weight of V,0O5 and 10% by weight of
WO, (A-V—W to F—V—W) in comparison with conven-
tional supported V,0,—WO,-catalyst on an anatase-TiO,
support (Ti—V—W) in the temperature range of 150° C. to
750° C.

DETAILED DESCRIPTION OF THE INVENTION

The embodiments of the invention which are described
hereinafter can be combined together in any way and in that
fashion lead to particularly preferred embodiments.

The following detailed description discloses specific and/
or preferred variants of the individual features according to
the invention. It is to be appreciated that such embodiments
which are produced by any combinations of two or more
preferred embodiments are also in accordance with the inven-
tion and generally even preferred.

Unless otherwise stated the terms ‘comprising’ or ‘com-
prises’ are used in connection with the present application to
specify that, besides the explicitly stated components, further
components can optionally be present. It will be noted how-
ever that the terms are also to be so interpreted that they also
embrace the embodiments which only consist of the stated
components, that is to say which contain no other components
than those listed.

Unless otherwise stated all proportions by percent are per-
centages in respect of weight. Details of percentages or other
relative quantitative details of a component which is defined
by a generic term are to be so interpreted that they relate to the
total amount of all specific variants which fall within the
generic term. If a generically defined component in an
embodiment according to the invention is further specified for
a specific variant falling within the generic term that is to be
interpreted as meaning that in addition there are no other
specific variants falling within the generic term so that the
originally specified total amount of all specific variants now
relates to the amount of the one given specific variant.
Component (I): The Digestion Residue

Component (I) of the composition according to the inven-
tion is the insoluble digestion residue which occurs in the
production of titanium dioxide using the sulphate process
upon digestion of the titanium-bearing starting material with
sulphuric acid.

In titanium dioxide production using the sulphate process,
after digestion of the titanium-bearing raw materials with
sulphuric acid, the so-called titanyl sulphate-bearing black
solution is produced, which still contains a certain proportion
of' undissolved digestion residues. Those solids components
have to be separated out of the black solution prior to further
processing. That is generally effected by means of vacuum
filters or filter presses, generally after previous enrichment in
thickeners (Ullmann’s Encyclopaedia of Industrial Chemis-
try, 5th edition, Volume A20, pages 276-278).

The digestion residue is preferably used in the form of the
filter cake obtained by separation, particularly preferably in
the form of the dried filter cake. Drying can be effected with
any method and assembly known to the man skilled in the art,
for example in a drying cabinet, with a belt drier, spray drier
or a spin flash drier. The dried digestion residue can possibly
be deagglomerated or ground to a fine powder to improve
further processability, for example by means of a pinned disc
mill, a roller mill, a Bauermeister mill or other assemblies
known to the man skilled in the art.
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It may however also be advantageous for the digestion
residue to be used in the form of an undried filter cake as, in
the production of catalytically active preparations, in particu-
lar SCR-DENOX catalysts, the titanium-bearing materials
are mixed, kneaded and further processed, by means of water,
with further additives. It is possible in that way to avoid
expensive drying of the digestion residue. In an embodiment
of'the invention therefore the digestion residue can be used in
the form of a filter cake or a suspension with a solids content
of less than 90% by weight, preferably less than 80% by
weight.

Preferably the filter cake is also washed, optionally prior to
a drying operation, with acid, particularly preferably with
diluted sulphuric acid, and/or water, to displace the adhering
titanyl sulphate-bearing solution. A base can then be added as
a neutralisation agent until a pH value of 5 to 12 is set.

Washing out the sulphate from the digestion filter cake and
subsequent neutralisation makes it possible to obtain a low-
sulphate, neutralised, finely divided titanium concentrate.
The washed digestion filter cake obtained in that way contains
substantially less sulphates than the original filter cake. For
further reduction in the sulphate content, it is also possible to
implement renewed filtration after previous redispersion in
water.

Neutralisation of the filter cake can be effected by the filter
cake being redispersed with water, mixed with a base as a
neutralisation agent and then filtered again and possibly
washed once again. It is also possible for neutralisation of the
filter cake to be effected without renewed mixing directly in
or on the filter assembly, by the filter cake being washed with
an aqueous solution of the neutralisation agent. It is also
possible for solid or liquid alkalis to be added to the filter cake
for the purposes of neutralisation or to be kneaded into the
filter cake. All common alkaline compounds, for example
solid or dissolved alkali metal or alkaline earth hydroxides are
suitable as the neutralisation agent.

Alternatively the filter cake can be washed with water until
it reacts neutral or approximately neutral so that the addition
of a neutralisation agent can be entirely or partially elimi-
nated.

However a certain sulphate content and a certain acidity
can be advantageous—in particular for use as an SCR-DE-
NOX catalyst—for example in respect of catalytic activity. In
an embodiment according to the invention the digestion resi-
due used, in relation to the solids content of the digestion
residue, therefore preferably has a sulphate content of 1.0 to
6.0% by weight, preferably 3.0 to 5.0% by weight.

For other catalytic applications, a sulphate content of 3 to
15% by weight, in particular 4 to 12% by weight, may be
advantageous.

The pH value of the digestion residue used is preferably 1
to and particularly preferably 1.5 to 3.

The digestion residue used, which contains substantially
non-digested ore, preferably has a TiO, content of 10 to 90%
by weight, particularly preferably 25 to 70% by weight and
most preferably 40 to 60% by weight with respect to the solids
proportion. The detailing of the TiO, content results from
element-analytical investigations and involves both crystal-
line titanium oxide and also non-crystalline, amorphous pro-
portions.

The TiO, is preferably partially present in the rutile modi-
fication, in particular the intensity of the rutile main reflex at
2theta=27.5% is at least 10% of the intensity of the most
intensive of all other reflexes of an X-ray powder diagram,
preferably at least 30%, particularly preferably at least 80%.
The X-ray-crystalline phases can be determined qualitatively
and quantitatively by X-ray diffractometry (see for example
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H Krischner and B Koppelhuber-Bitschnau, Rontgenstruk-
turanalyse and Rietveldmethode, 5th edition, Friedr. Vieweg
& Sohn Verlagsgesellschaft mbH, Brunswick/Wiesbaden,
1994).

The digestion residue preferably contains both magnesium
titanate (for example in the form of MgTi,O5 and/or
Mg, -5Ti, ,505) and also iron titanate (ilmenite FeTiO,) and
calcium titanate (for example CaTiO,).

The digestion residue further preferably contains iron
oxides, preferably in an amount of 0.5 to 30% by weight, still
more preferably 2 to 20% by weight, calculated as Fe,Oj.

The digestion residue further preferably has an aluminium
content (as Al,O;) of 0.5 to 20% by weight, preferably 2 to
10% by weight. In addition the digestion residue preferably
has a silicon content (as Si0O,) of 5 to 40%, preferably 10 to
20% by weight.

The uncalcined digestion residue used for production of
the composition according to the invention preferably has a
BET surface area of 1 to 150 m*/g, particularly preferably 3 to
50 m*/g and particularly preferably 5 to 30 m*/g. In that
respect the BET surface area is determined in accordance
with DIN ISO 9277 by means of N, at 77 K on a sample which
is degassed at 140° C. for 1 hour and dried. Evaluation is
effected by way of multi-point determination (10-point deter-
mination).

A preferred acid digestion residue is for example the mate-
rial described in Example 3 in DE 197 25 018 B4. That
material is suitable for example for the production of DENOX
catalysts.

A preferred neutral and low-salt (in particular low-sodium)
digestion residue is for example the material described in
Example 4 of DE 197 25 018 B4. That material is suitable for
example for the production of catalysts in which Na com-
pounds are unwanted.

For production of a catalyst from that digestion residue it is
generally mixed with a further component (I1) which is cata-
Iytically active, preferably with a tungsten compound and/or
a vanadium compound, as set forth hereinafter.

Mixture of Digestion Residue and Additional Titanium Diox-
ide (TiO,)

Prior to mixing with the catalytically active component (II)
the digestion residue can be mixed with additional titanium
dioxide which for example is conventionally used as a cata-
lyst or catalyst support. The additional titanium dioxide how-
ever can also be used as the catalytically active component
ID.

In an embodiment therefore the invention also provides a
composition which contains the above-described digestion
residue, additional titanium dioxide and optionally at least
one further component, which is catalytically active.

That titanium dioxide which can be used in the form of a
mixture with the digestion residue is preferably a titanium
oxide hydrate. Preferably the additional titanium dioxide or
titanium oxide hydrate is present in the anatase form. The
additional titanium dioxide, preferably the above-described
titanium oxide hydrate, can however also have a ratio deter-
mined by X-ray diffractometry of titanium dioxide in the
anatase form to titanium dioxide in the rutile form of greater
than 90:10, particularly preferably greater than 99:1. The
X-ray-crystalline phases can be determined qualitatively and
quantitatively by X-ray diftractometry (see for example H
Krischner and B Koppelhuber-Bitschnau, Rontgenstruk-
turanalyse and Rietveldmethode, 5th edition, Friedr. Vieweg
& Sohn Verlagsgesellschaft mbH, Brunswick/Wiesbaden,
1994).

Particles of that titanium oxide hydrate can be obtained for
example by hydrolysis of a sulphuric acid-bearing titanyl
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sulphate solution. Depending on the respective origin and
composition of the sulphuric acid-bearing titanyl sulphate
solution, in the hydrolysis operation, a sulphuric acid suspen-
sion of titanium oxide hydrate is obtained, which can still
contain unwanted impurities, for example heavy metals. Gen-
erally therefore one or more cleaning steps are implemented
to free the titanium oxide hydrate of unwanted impurities.

Preferably titanium oxide hydrate particles are used, which
are produced by hydrolysis of titanyl sulphate which occurs in
the production process for titanium dioxide using the sulphate
process. That process is described for example in Industrial
Inorganic Pigments, 3rd edition, edited by Gunter Buxbaum,
Wiley-VCH, 2005.

The sulphate content of the titanium oxide hydrate is pref-
erably up to 2.5% by weight with respect to TiO,. Thus the
sulphate content can be 0.5 to 2.5, preferably 1.5 to 2.5% by
weight, with respect to TiO,, but also less than 0.5% by
weight.

The titanium oxide hydrate preferably has a BET surface
area of 40 to 300 m*/g, particularly preferably 60 to 150 m*/g.
In that case the BET surface area is determined in accordance
with DIN ISO 9277 by means of N, at 77 K on a sample of the
titanium oxide hydrate particles, which is degassed at 140° C.
for 1 hour and dried. Evaluation is effected by way of multi-
point determination (10-point determination).

According to the invention it is preferred for the digestion
residue to be mixed with the additional titanium dioxide,
preferably with the above-described titanium oxide hydrate,
in a weight ratio of greater than 50:50, particularly preferably
greater than 70:30. In that respect higher contents of titanium
oxide hydrate generally cause a higher level of catalytic activ-
ity, higher contents of digestion residue in that respect give
rise to lower costs and better workability.

Component (II) and Catalytic Activation

For production of the composition according to the inven-
tion the digestion residue, alone or the mixture comprising the
digestion residue and the above-described additional titanium
dioxide, preferably the above-described titanium oxide
hydrate, is mixed with a further component (II) which is
catalytically active. In that respect the digestion residue alone
or the mixture of the digestion residue and the above-de-
scribed additional material preferably function as a support
material. It is however also possible for the additional tita-
nium dioxide to serve as the catalytically active component
(II) while the digestion residue serves predominantly as sup-
port material.

The component (II) can be applied for example for the
purposes of a doping operation, optionally surface doping or
bulk doping, or as a coating, wherein application can advan-
tageously be effected by impregnation, precipitation reac-
tions, chemical solution deposition, depositions from the gas-
eous phase such as for example chemical vapour deposition
(CVD) or atomic layer deposition (ALD).

The digestion residue or the mixture of digestion residue
and the additional titanium dioxide can be adapted by means
of a large number of different physical and chemical methods
known to the man skilled in the art to the application require-
ments and can act both as a catalyst and also a catalyst sup-
port. For that purpose the man skilled in the art can for
example also mix the digestion residue or the mixture of
digestion residue and the additional titanium dioxide, prefer-
ably the above-described titanium oxide hydrate, with further
components such as for example glass fibres or plasticising
aids, extrude same or apply same to other support materials.

The component (1) can also be any component which has
a catalytic action, for example in the processing of fossil raw
materials, further processing of intermediate products and
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synthesis of chemical products or in the field of exhaust gas
cleaning. By way of example mention is to be made here of
the catalytic decomposition of nitrogen oxides (NO,), cata-
Iytic oxidation of SO,, soot oxidation, oxidation of hydrocar-
bons, oxidative dehydrogenation, and isomerisation, epoxi-
dation and aldol reactions.

The component (II) can be for example a metal, a metal
oxide or another metal compound. In particular the compo-
nent (II) may contain at least one element selected from the
group consisting of Pt, Pd, Rh, Ru, Au, Ag, Co, Cu, Ce, Ni, V,
W, Mo, Sb, Bi, W, La,Y, Sc, Zr, Hf, Ta, Tb, Ce, Yb, Er and Sm.

Preferably the composition according to the invention con-
tains at least 0.05% by weight, preferably at least 0.5% by
weight, of an element selected from the group consisting of
Pt, Pd, Rh, Ru, Au, Ag, Co, Cu, Ce, Ni, V, W, Mo, Sb, Bi, W,
La,Y, Sc, Zr, Hf, Ta, Tb, Ce, Yb, Er and Sm.

After the digestion residue or the mixture of the digestion
residue and additional titanium dioxide has been mixed with
the component (II) the composition can be calcined at a
temperature of preferably 300 to 900° C., particularly pref-
erably 400 to 700° C., for preferably 0.1 to 20 hours, particu-
larly preferably 0.5 to 3 hours.

In a preferred embodiment the composition contains tung-
sten compounds. In a further preferred embodiment the com-
position contains vanadium compounds. The composition
however may preferably also contain tungsten and vanadium
compounds. In relation to the solids content of the composi-
tion the composition particularly preferably contains at least
1.0% by weight of tungsten, calculated as WO,, and/or at
least 0.05% by weight of vanadium, calculated as V,Os.

Preferably for that purpose the support material which
contains the digestion residue or the mixture of digestion
residue and the additional titanium dioxide is impregnated
with a tungsten-bearing, preferably tungstate-bearing, solu-
tion (for example ammonium tungstate
((NH,),oW,,0,, .5H,0), for example a slurry of the support
material is agitated in the ammonium tungstate solution over
a given time. In that respect the procedure is such that after
subsequent calcination the WO, content is 1.0 to 20% by
weight, preferably 1.0 to 5.0% by weight, in relation to the
total amount of support material and WO;. Adjustment of the
WO, content can be effected for example by concentration of
the tungstate solution and can be controlled by atomic absorp-
tion spectroscopy.

After mixing with the tungsten-bearing solution the
(coated) support material is optionally filtered off, dried, pref-
erably by spray drying, and then calcined. For the calcination
operation temperatures of over 150° C., preferably 350 to
600° C. and particularly preferably 450 to 550° C. are used.

The resulting tungsten-bearing support or catalyst material
(for example the tungsten-bearing titanium concentrate) pref-
erably has a BET surface area of 3 to 70 m*/g, preferably 3 to
50 m?/g, particularly preferably 5 to 30 m*/g. The BET sur-
face area is measured in accordance with the above-described
method.

It is preferable for the WO, content and the BET surface
area to be matched to each other in such a way that WOj is
present in an amount of 0.05 to 0.20% by weight/m?, with
respect to the total weight of support material and WO;.

The possibly tungsten-bearing support material can be
selected with at least one (further) metal oxide from the group
consisting of vanadium, molybdenum, iron, chromium, cop-
per, niobium, nickel, cobalt, antimony, bismuth, lanthanum,
yttrium, scandium, zirconium, magnesium, hafnium, tanta-
lum, terbium, cerium, ytterbium, erbium, samarium, cerium,
cobalt, barium and manganese, and/or with at least one metal
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selected from the group consisting of silver, gold, ruthenium,
palladium, platinum and rhodium.

The composition according to the invention can also pref-
erably include a vanadium compound, particularly preferably
V,0, and more specifically preferably in an amount 0of0.05 to
3.0% by weight of V,Os, particularly preferably 1.0 to 3.0%
by weight of V,O5, most preferably 1.2 to 2.0% by weight of
V,0;, inrelation to the total weight of support material, V,O,
and optionally WO,;.

In the case of use as a DeNOx catalyst, for example in
NH,;—SCR catalysis, the man skilled in the art can easily
control the activity in a given temperature range by targeted
variation in the vanadium oxide content to be involved. The
choice of the amounts to be involved is implemented by
targeted quantitative variation in suitable test series. Thus it is
known that high V,0O5 concentrations (for example 3% of
V,0;) cause high activity of the catalyst at relatively low
temperatures (for example below 300° C.), but at higher tem-
peratures entail a greater loss in activity and also an increased
and at the same time unwanted ammonia oxidation effect. The
suitability of the catalyst for a higher or enlarged temperature
range is made possible by a reduction in the V,0O5 concentra-
tion (for example 0.5 to 2% of V,0s).

The V,04 can be supplied by the composition according to
the invention containing the digestion residue, optionally
additional titanium dioxide and optionally WO,, being
impregnated in a vanadium-bearing solution and then (once
again) calcined. The vanadium-bearing solution is preferably
a vanadate-bearing solution (for example with ammonium
metavanadate), vanadium oxalate-bearing solution or vana-
dium sulphate-bearing solution. Prior to the calcination
operation the vanadium-bearing powder is optionally filtered
and dried, preferably spray dried. Preferred calcination tem-
peratures are in the range of 300 to 700° C., wherein the
particle size to be set, the BET, the pore size of the material
like also the decomposition performance of the vanadium-
bearing starting compound is crucial. In the case of ammo-
nium metavanadate decomposition is usually already con-
cluded at 300° C.

The composition according to the invention preferably has
a titanium content of 6 to 54% by weight.

In addition the composition preferably has a pH value of 1
to 5, in particular 1.5 to 3.

In an embodiment the composition further has after calci-
nation a BET surface area of 3 to 70 m*/g, preferably 3 to 50
m?/g, particularly preferably 5 to 30